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Buunary 

Supersonic testa wo» carried out on a two dimensional aymnotracal 
double Wedgo aorofcii 6 per cent thick with a 3'-1 por oont control flap oet at 
k dog.  and 0 dog. i two aeporato models being used,    Tho f irat model was also 
teated With the trailing edge foroncat. 

Lift, drag and pitching moment wore measured uvor a range of Ifcoh 
numbers from 1.16 to 1.45. 

The results agreu reasonably with Busunaun theory .-us detailed by 
Xioek^ over the range in which tho theory a^jlius, bruakdV'vm of the thoory 
tending to occur for aufficiuntly low liaoh numbers and hi;:h lapUcamii 
Discrepancies Ijtwjon observation uid the ry tend to increase M the poijit 
of breakdown of tho theory ia approached.    They may be tentatively attributed 
to tunnel interference and bad velocity diatribution in the empty tunnel; 
breakaway Boor the trailing edge nay also contribute. 

It waa cncludod that tho normal elevator control could be satis- 
fact^rarily maintained within the present speed range but thvfc the drag riae 
due to o. ntrol operation ia greater than with on all moving tr.ilplauo. 

Intr 'ducti -n 

The object of tho preaont teats waa to aupply data on the effectiveness 
of liloyatef o.ntr.l at supersonic speeds.    In a provi us experiment by the 
auth r1  (WA.) ;JJ# EC 1240 Secti. n was uaod, as it -was Immediately availa'ul.j, 
but f.r the present testa a more suitable supers-nie aerofoil waa c natructed. 
The previous oxperin-nta had sho-..n   CL   and   Cg   t   to linear with   a   and   "f 
and thia waa supported by theory.    Por the present work twe models woro ucod» 
one a symmetrical double -v/odgc 0,06o thick and the otter of the arjne basic 
Motion with the portion aft of the 0.7o line depressed 4 dug.  (Pig.1).    Th* 
f .roc-oooffioient slope against    '£     \:ra calculated frcn the difference between 
the forces on the two sooti <ns. 

The testa v:ere carried  ait    n tho electric balance of tho 12 in. 
circular wind tunnel.    Tho wind tunnel n.szlea had area ratios    corroaponding 
t. 1«Jfc& (noedaal 1.2a)  and 1.51  (nacinal 1.4a) respectively.    Other and varying 
speeds •<.7or^   retained fr-m dry t- d'y butwon 1.16a   jnd 1.45a.    It was h-pod tc 
obt-vin cm'im-.ti n .f the theoretical variation of force c. effioiento with 
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Hach number within tho test ranee. The tast3 also supplied data at speeds at 
v.'iiich no theoretical analysis './as possible. Tho valuo of these results is 
discussed later. 

Tho model v/as also tested vith its trailing edge into tho vind, 
giving tho effect of a loading edge flap. 

Ejc.)*rimontal Details 

The models vroro two dimensional in th.it they completely spanned the 
stream.    Tho effect of the vail Junction is disoussud under tho heading of 
'..'.bid tunnel interference (Appendix II).    The cross section of the mod-Is tested 
is shovn in Pig. 1. 

The balance v/as designed to read the 3 components, lift drag and 
quarter chord ./itching moment, as moments about each of 3 linos parallel to 
the span of the aerofoil.    Prom these moments (i-oducod tc coefficients   Br, 
BQ.    EL)    tho force coefficients wore calculated.    This presumed that the 
conditions in the   .ind tunnel remained constant during the measurement of all 
3 momenta.    In practice it -.7as found impossible to maintain the velocity 
constant for readings on all 3 axos. 

Tho velocity and ifeeh number -./rjs derived from the static pressure 
on the vails of the v/orJcing section ahead of tho model.    The change of total 
head has been neglected.    Tho tunnel speed measured in this w-.y variod nith 
atmospheric conditions.    With tho lov.'er qpoed effuser (nominal 1.2a.) speeds 
•..ore obtained fron 1.1 fo to 1.24a and fron 1.37a to 1.45a -..rLth the higher 
speed effuser (nominal 1.4a). 

It BQ0B1S  Likely that this variation WO« largely due to condensation 
«, f.      of moisture in the stream, the amount varying "..ith tho atmospheric humidity. 
*** The mechnisi-i bv Vfhich condensation affect;: the stream Hach number in not 

'yet -!.i...j.et'.'l." my tors-fc eu    >'or the purjösa   ~f the present -paper it is sufficient yf ^ - a  ' -'    *     '—   "*'~ -t-—*• —   -•— JC •&---*-—  -- —  
»«JUA«4 to say that a boat release in a supersonic stream has the offoot .if varying 

j£   k the Koch number both gradually and through compression shocks.    With changing 
hu.iidity theso shocks vary in amplitude and anglo vith a consequent alteration 
of the velocity and velocity distribution in the WOlfclag section.    3uoh a 
variation of distribution should she?..' up as an incorrect indicated Mach number 
glvins departures from smooth ourvos of f oroos as funotiens of Hach nunbor. 

B„   at sore   ">/ ,    vraa found to be comparatively insensitive to ir.--.oh 
nunbor.    As the Hoch nuiiber changes between the tests an different o:co3 vrero 
small,    Cj,   and   Cp    ore given as if   B^    had been read^ at the sane Mach 
nunbor aa tho corresponding   BT    or   Bjj.    (Soe Appendix). 

The wind direction was obtained from a comparison 
the rvdol tested n->n:ially and reversod end for end. 

f the lift   f 

In the presentation of the results, advantage has been taken of 
sy.iietry, allowing the observations to be used twioo whenever it   xjcurrcd. 

Observations -./ere n <n.ially token up to the highest incidences at 
.•hich the velocity remained supersonic at the -."Jls rpprsito the ceatro of 
the nodal.    It Is sh -..« later that the nodol was then already subject to 
intorfer^ieo fr I: the tunnel -./alls. 

In vie; .f the impossibility cf calculation of the foroos, measure- 
ments at   M t> 1.16   '..-ore oentinuod even though tho strooii VU subsonic dr. 
part and tho observations subject to an unkne.-.n interferenoe. 

Tho/ 
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Tha Boynolda number of the teats voriud from 0.81 to 0.82 millions 
ov^r the opcod raigc. 

Comparison .,'itii ffhuory 

Tho forao aoofficionts on a general *-'° dimensional double •.rad^o 
ulavr.tor combination \rera given by Loch2 (1%4).    Tho basis of tho calculation 
was the BUBOnann pressure rolation botwoon stream deviation raid prus3uro. 
"he foBDOlaa BO derived are reproduoud here for tho particular aase tested» 

Cj,   ••   2o^(.. + Q.6f   (a-|  - 0.12og) 

C,,^    B   -0,5a (cj  - 0.12c2)  - 0.36 >( (u-| - 0.12c2) 

CD   =   2c| (a2 + 0.0036) + 0.6 ^ (»  + 8a)(a, - 0.18o2) 

•..'here    a    and   '{     arc in radian raid   cj    raid   c2    defined by 

c,     =    2/Ul2 - -I)'' 

o2 = O.ZA-M
2
 + *)/(rf - D . 

The following fomulau, also due to Lock, vero calculated by the srano method2 

fcr the loading oaga flap. 

0, =   20^ + 0.6 >( (^ + 0.12c2) 

Cm;    =    -C^a (c,  - 0.12c2) + 0.06<(   (o1  + 0.12c2) 

C^    =   2c^  (a2 + 0.0036) + C.6y  (T£   + 2a)(o1 + 0.18O2) 

•'(_     m ruokonod positive downvarda for the normal elevator, and positivo 
upwards for the loading edge elevator.    In oaoh oasc positivo    if     angles 
produce positive lift.    Wherever applicablo thoae theoretical values aro 
shan.n r.j dattod.curves \.'ith the full linea of tho obsorvod voluea.    The limits 
to the theory imposed by sonic speed being attained in the prossuro field of 
the- aerofoil are also shont in moot figures.    This limit tu either Hoch number 
<;r incidenoo has been called tho critical Mach number or critical incidonoo 
in conformity '.dth sub3onio aerodynamic practiao.    They were derivod from 
Mayor1 B^ (1908)  tables of Mach number and stream deviation fcr iaontropia 
oxpansien of dry air.    If a supora-.jnic stream of lach number   M|    is considered 
to have been expanded isentropioally through an angle   9 ,    from the state 
M K 1,    6   = 0,    an iseutropic cemprussivo deviation of   j     would decrease 
th.; loaal Mach number again tc unity.    Belov/   U = 1.6,    6  = 15 dc:>  compressions 
orai be regarded ae isentropic.    Henoe for a given Mach number, Heyerr»'  tables 
cm be used to indicate the oompruasivo 'deviation corroapondlng to sonic speed 
behind the resulting sh' ok, within the above limits the critical Mach number 
in auffioiently nearly a function of the maximum inclination of th» surfaees 
(towards the v.-iiid)  only. 

The probability of apanriau variation   -£ velocity made those limits 
at best approximate.     They provided hrwovor an indication of the   :nset of 
critical conditions.    In 3cr.e coses.; the theoretical curves have been extra- 
polated post the s nie lijriita as taey MOM still in reasonable agreement vri.th 
experiment. 

Hosults/ 
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Resulta 

(1) ?ho S.yianetrioal Aerofoil. (Zero 1   ) 

•   Mfjp" figure 3 shows all the experimental results in the form of 
a CT oarpot for •(    = 0. The lift inoidunoe slopes arcs shown in Figure 4. 
AS the oritical j'tooh number is approached tho slopo noar auro incidence tends 
to exceed tho thoorotioal value (Fig.4). Tho ourvo U • 1.24, '{    a 0 of 
Fig.3 shows an inoroaso of slopo beyond tho thoorotioal value at incidences 
outsido tho range ±1 dog. (i.e. beyond tho oritical inoidenoo). It must bo 
stressed that tho critioal linos shown aro not tho sharp domarJcation that tho 
dotted linos would suggo3t duo to tho probability of varying volooity distribution 
across tho span. 

/<3CL      \ 
Tho fact that tho slopos I , Fig.4 I for tho flapped and unflappod 

\äa / 
aorofoil agree with oach othor as virodiotod by thoory although noithor has tho 
true thoorotioal value, suggosta a laok of hanogonoity in tho stream.    Further 
evidence in favour of tho thoory was givon by tho bottor agreement of tho 
observed .-jid thoorotioal lift3 as tho tunnel apood approached ifc designed 
v.'^luoi implying a greater freedom from ahooks and honco a bottor volooity 
distribution in tho v/orking seotion.    (Fig.4   K = 1.38    and 1,45). 

The dotted parts of tho ourvo   M = 1.16 (Fig.3)  rofor to tosts made 
•.vith tho volooity subsonio at tho wall opposite the centre of tho model on the 
oomprossien side.    They indioato that no violent change la to bo oxpooted as 
tho critical incidenoo is pOBOod,    Owing to tho constraint of the vrind tunnel 
v/olls tho actual value of tho moasurud lift should be viovod ifith caution. 

Pitching jiomint. -   Tho quarter ohord pitching n runt is presented 
in a similar manner tc. tho lift, in Figuro3 5 and 6.    As in tho o-ao   f lift 
the dotted portion of ourvos   If • 1.15   and   U = 1.16    donotus sub3onic speed 
at tho wall   .f tunnel.    Thoir uentinuod linearity with    a    thrcush      Oprlt. 
is interesting.    It Südosts that intorforonoo is cithor small or fairly fully 
devoloped bole-..-   a0i.it.  (soo Appendix i). 

Tho scatter of Figure 6 vas not unoxpootod and orji bo attributod to 
a varying velocity distribution (i.e.  on orror in indicated Nach number). 
Even allcvdng for such unoortainty tho experimental points aro all I033 negative 
than the thoorotioal. 

Again the incidenoo slope of tho 1r.7o flapped aerofoils agreed 
reasonably well with tho unflappod one, and this result is in accordance -.7ith 
theory. 

Drafc. -   Figure 7 contains the i.toolo of the oxporimontal results of 
drag on the unflappod aerofoil.    Figure 9 gives two specimen curves with the 
actual observations, to demcn3trato the degree of soatter at the observations 
and the acouraoy of the results.    Tho corresponding theoretical curvea aro 
included for comparison.    In Ficuro 7 advantage vos taken of Byr.motry, allowing 
each observation to bo used tv.'ico.    Values at i'esitive incidenoo   ally have been 
plotted for olarity. 

Figures 9 and 11  together indicate that at tho Reynolds nunbor cf tho 
present tests (0.81 x 10s) a skin friotian dra,; coefficient   f 0.004 io r-rplioablo. 
Hero r.Tf.in stream irro'jularitio3 prevent any definite 3tatonent,  is inclulod in 
this value in any force duo to buoyanoy.    In on oxtroi 10 o-.se this could rviount 
to -O.OO4 en   Op»    giving   OV    • 0.008    (Gorman vorkers havu quoted O.OO6). 

The/ 
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"hu obaervati iz\a of curves 7 and 9 have been re^lotted against   a 
at constant   H    in Fi;ure 12.    Thoir linearity is in confirmation of theory. 
Their slopes, as a measure of wave drag an shevn aa a funotion of   Ii   in 
Fi'juro 13.    Too -mich weight ahould not bo given to tho point   M = 1.19 in view 
of tho v*,ry fev.- joints (Figures 7 and 12)  determining tho slope.    Tho indioation 
ruiaifts however that tho wave drag rose to tho oritio-.-.l liaoh number and thun 
foil again.    There is a suspicion of a change of slope •..•here tho ourvo   M a 1.2t- 
of Figure 12 oroasos tho sonic lino but this ia insufficient ovi'.enoo fron -..•hieb, 
to draw any inference.    It HI unfortunate that this ourvo «aa the only ono to 
include the oritioal angle in tho incidence range. 

Valuus of   Cj)    aro plotted against   Cj,    (for   M = 1.38)  in Figuro 18 
for comparison with curves of tho flapped aerofoil and are disoiisaod lator. 

The probable effect on drr.g of tunnol wall interference is discussod 
in Appendix II. 

(2)    Roaulta en Control Characteristics 

Lift (iörmal Elevator)«-    Tho results of Figure 3 have boon combined 

in Figure 14.    Tho value of 
/ ö C J3i\ obtained from tho difference of   CT 

at     Y  = 4 dog.    end    '^  = 0 dag.        The agreement with thoory is roasonablo 
OXOOpt for the sharp riso near the oritioal Mach number.    Some of this rise, 
at lea3tf can be attributed to intcrforoiioo from tho tunnel wall3.    The fact 
that the experimental points are below tho thocretioal    (M = 1.38 rad 1.45) 
suggest a boundary layer separation on tho top surfaoo of the flap duo to tho 
trailing ed^c shook,    (cf. Ferri^ 1939). 

Pitching Moment. -    The oxporimoiital moment results support thi3 
3ugge3tiL.u.     (Figure 15)«    Vind tunnel interference would have tho effect of 
increasing the nose dean pitching moment of the sections.   The point at   M = 1.25 
is therefore much leas negative than oxpectod, which is in conformity with the 
idoa of a separation on tho upper surfaoo and possibly in tho ro-cntrant anglo 
r.f tho hinge. 

Drag. -   Wo simple presentation of tho offoct ;>f   af   i(      and   M   on 
dr.-.g was possible ov/ing to the m-re complicated nature of thoir relation. 
Figures 8 and 10 ahow tho drag at   ^   = 4 dog,  in the samo way as Figures 7 «nd 
9 did f ;r     5 = 0.    Each agreed with theory tz tho samo order of aocuracy. 

Results at a Mach number of 1,38 for tho three cases   >?   » Oöag.^ = 4 dog, 
and    B  = 4 dog.  (leading edge elovator)  aro plotted against lift coefficient in 
Firjiro 18 (curves E,    F»    and   G)    and coinparod with the corresponding thoorotioal 
values    (B i    C i    and   D);    tho agreement after allowance ha3 been made for 3kin 
fricti.n is again reasonably good.    On tho seme figure aro plotted (curvo3    A and 
li)    the:r~tical values of    Cp    ft*   a m 0    and varying    >ji     for tho normal and 
leading edge elovatim respectively.    They show that the drag increased as a 
result of elevator operation is considerably greater than for an all moving 
t .ilpl-nc. 

Hin.e Moment.-    It wa3 possible to calculate the hinge moment at 
a a 0    of J;he flap fr ;m the variations, f tho pitching m *iont with   7.      Aasuning 
that all chan-jos of lift Ott& monoat on tho aorof.il due to a novcrjont    •?    of 
tho flap ooourroil aa a change in n nrl f <rce on the flap .-lone, tho hingo 
nonent in giv^n by the pitching n.iiont    f tho aerofoil about tho hingo line of 
the flap.    Giviiig 

\ 

CJJ    =   Cj_, + 0.45 CL . 

This/ 
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This implied that there waa no boundary layer and that the flow everywhere 
followed the profile  of the section.    In viovv of the ropoatod indication of 
•boundary layer affaota this was somovrhat dubious. 

The experimental valuos of hinge mmont on tho normal elevator were 
less than those predicted by theory.     (Figure 16).    This v^is in conformity -./lth 

the expected offoots of a boundary layor.    The change in sign of m 
low iiaoh numbers should not be regarded aa a sign ~f an unstable stick force 
but merely that the normal reaction had left the flap, demonstrating the 
unreliability of the method. 

The Leading *Jdgo Elevator; - Hoaults are available only at II = 1.38 
as the supersonic regime oould not be established with the Ir-Wer speed offuscr 
noazle in place.    (This may have been due t • the relatively higher drag). 

In b th the oaso of   CL   (Figure 4) and of   C^    (Figure 6)  the loading 
/30jA 

edge elevator la in very fair agruomont with theory.  The lift slope  I -~~ j 

i3 roughly d. ublo that for the trailing edge flap, (Figure 14) but tho moment 
changes (Figure 15) are considerably smaller than with a conventional control. 

is 
The hinge mouont calculated in a sir.iilar manner So the previous case 

CJJ    a    C^ + 0.05 Cjj. 

Reasonable agroomunt vrLth the-ry -..r.3 obtained. (Figure 15). The curves 
indicate that the leading edge elevator is loaa influenced by the boimdary 
layer making the prediction of full scale control more certain. Distortion 
of a win;, or tailplnno due to the forces on the flap cannot give control roversal 
vrith a leading edgo flap. Tho3o advantages are offset by the fast that under 
all oircumat::jic .3 the loading edgo flap givos ri30 to an unstable stick force. 
The drag for a given lift ia higher than in the case of a conventional control. 
(Figures 18). 

Conclusions 

At ilach numbers about 1.4 the experimental evidence supports rjusem'inr. 
theory reasonably well.    At lower iiach numbers deviation from the theoretical 
voiuos ma obtained.    Thi3 could bo attributed chiefly to interference from 
tho walla of the wind tunnel and to bad velocity distribution in the omply tunnel. 

Tho impossibility of using optical moana -,f investigation r.t.de tho 
interpretation    of the majority of the phencma a matter of conjecture.    The 
authors experience in other wind tutmolc and the work of Forri*   ; " in It;\ly 
indicated that the boundary layer ,JI the prosenoe of shocks could supply a 
qualitatively satisfactory explanation fi r Han of tho discrepancies. 

Tho broad indioatiens are that tooth leading and trailing edge flapa 
produce reasonable control forces, but that tho leading edge flap is unsto.blo. 

The vr'-riablo incidence tailplano appears the m st suitable inothod 
of c mtrol from the aerodynamic point  .f vie1.'/, as its drag is lover for a given 
control force, and it is less sensitive to boundary layer effects, naking tho 
prodiotion of full so;\lc forces more oertain.    A third reason,  outside tho 
sc~po of tho present work, is that o^ntreü. is likely to be better vith a moving 
tailplane at transcnio spoeds. 

.   w 
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In thu interpretation and application to full scale» of the results 
considerable caution is advised. 
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A); endix I 

TheOjni.ut;\tion of jPoroo Coefficients fraa   Bi,    Brv»    B^ 

3L   •"Jid.   Bg]   «oz*o sensibly linear with 
departures vun, obtained at the lov/ur Haah nunbcr3. 

through    a ss 0    although 
In :rdar to obtain aaraa 

inai^ht into tho correction nooosaary to   B„    to obtain tho oooffieienta    CL 
and   Op   Figure 2 was plotted.      (GV M BL -\,     0[, - BJj - * B^i     C^, = £ j^, 
plus anall eorroctioiia in each aaao\       If tho tunnel apoud or distribution 
"lturod between the reading of tho two j.iorionts   B^   and   Bj,,    MM forciulao no 
longor apply. 

In Figure 2, 
aBL •i . :-. 

and   —   aro plottod against Mach nuriber for the 
da da 

case    V/>   = C    and thu theoretical curves  aro included for aonpariaon.    Uusunann 
theory gave 

a 
~— (o\i + 0.12 a2) 
57.3 

BL 

  (ai   - 0.12 oo) 
57.3 

( a   raücsurod in degrees). 

Tho loo.': 

Tha 

A nuriber of significant points are irii lodiatuly .-.pparant. 

of snouthness of     ./hen plottod a ;ainat   H   was not unexpected. 
dBr,   to 

si.ioothneas of       WM sonowhat oorplcxint; ainao   BT    was tho ;iPr.ont of the 
da 

resultant foroe about the 0.7J°    line and   E,n   the i.-or.io:it '.bout tho 0,25o    lino. 
A possible explanation '.'as given by the  greater sensitivity of   E      to    ch nges 
at the trailing edge.    Boundary layer variations due to uxtronsouB aiiocka dght 
bo ox^eotv-il to be •..•orao at tho trailing edge whore the b<_.iu.dary "Layer •.:au thicker, 
.mother Sv-oiiinti ^.radcac ma tho agroei.tnt between the theerutioa.1. and oxporilental 

values of        at   1.1 = 1.37    and tho poor agjeveiiont of     .      This a-uld bo 
da da 

explained by cnaiduring both the calculated lift forco oaA calculate! oontro 
of pressure to be different fron the observed valueu by anounts which caij'enoatod 
in the product for   BL   but not for   BJJ.    Aaaunin,.; such differences and substituting 

dBL OB,, 
the values of   ---   and   —   fron Figure 2 two aiiultar.eous oquati^a wore 

to du 
obtained fron whxch '/ore calculated tho nurierical differences ^ot-.-'oon the obaorved 
••lid thorrotical ay3to!ia.    They shoved the .:eaaured lift   ;lopu tc bo Ü.01 per 
degroo lew and the aentro of presaure C.Ot ch. rda further for./ard relative to 
tho Busuiann value. 

In view of the soattor   i' ag:.inat   il   no o-rrootionvno undertaken 
for change of   JI   between readings on the 3 ~:oa.    Or    BO&   Op    have been given 
aa if   BJJ    had been real at tho snno llaoh nw iber as the corresponding   3L    :>r   I'D« 

Appendix Xl/ I 
J 
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Appendix II 

'find Tunnel Ihtorforanoe 

There are a number of ways in which a supposed].;.' two dimensional 
supersonic stream can differ from free air conditions. 

In P completely supersonic stream whore strianotrio observations are 
possible the sonea of inturforonoo are clearly TJIflMft and in two dimensions 
the interference pressures can be calculated.    This is not suffioiont however 
as tho interference oan either augment or suppress tho boundary layer separation 
from tho trailing edge, at least at the Koynolds number a' tho present tost''-. 

In tho If.P. L.   circular auijursanic tunnel tho i?ach number at whioh 
interference eoJüiioncos (o.g.  reflected waves touch the trailing edge) varies 
with the apanwioo position.    The reflected shook too, has a greater amplitude 
;.t the centre of tho model.    The model of the present experiment \:c.a subject 
to such interference at all speeds below   VL - 1.25    at    a = Cdsg. and correspondingly 
highur spo-da at the higher incidence:.;.    The arrangement of the tunnel precluded 
any attempt at orJ.cul-.tiQn> even Ignoring boundary layer effects, but a qualitative 
estimate can be ..»ido.    Reflected wave interference v/ould bo expected to give a 
spurious increase of lift accompanies by a movement aft of tho centre of pressuro 
(a nose do-.m pitching mcnoitt}.    At snail incidences the effect en drag should bo 
small with the J pur cent double wod<*c aerofoil, but reaching a maximum as the 
reflected wave passes the mid-chord line.    "Then the incidence is sufficiently 
high to incline tho roar face of the pressure side of the aerofoil to tho stream, 
the interference acts in tho sense of a positive drag. 

The deorease of lift over tho part of the span washod by tho tunnol 
boundar" layer in cf small importance aa the boundary layer is thin and tho 
dcr.'ir.i'ash gradient is limited to the Mach ceres frei« the intersection of the 
aerofoil and tho boundary layer. 

An ox'ironoous wave system would be introduoed should the tunnel wall 
boundary layer separate due to tho noso wave of the model.    This would be tho 
•./ave system of ;•. awept back wodgo in a plans perpendicular to the avem of tho 
•nodol.    Whilst t.io bow ".rave is at tho Mach angle tho separation wedge would, bo 
av.'ept book at the same angle having a consoiuontly negligible wave system» but 
aa the amplitude _? tho bo-..' um increases so would the amplitude of the inter- 
ference systen an I ita ANA -f influence. 

In the present tests there was also an incalculable effect frcn tho 
holes in the tunnel •.•all through which the aerofoil passed. 

Thore vas also a rand n orrjr duo tc tho changing irregularities of 
the stream.    Typical examples have boon quoted la an aerlier report (hVldor 
and i>urrewB° ]%•$ .    Such irregularities cause errors in the indicated Iroch 
number and tho spoxnrlso fcroe distributi.w with a further possibility of force 
medificati n due "~ lecol separations caused by oxtrorueus 5hock3.    An attoi.ipt 
v/aa made by the author (unpublished 19V0  to r.ioa3ure the total effoot   ;f the 
junction   -f nodul and vail at   It = 1.4.    Three nodal wings <.'ox\. used each of 
different span.    Tho free end was cut off at such on angle as t   el&iiinato 
induced tip effects and the cth.r end supported in the balance, the wing pa33ing 
thr-ugh the wall in tho normal ;nannor.    From tho forces an tho 3 win.iS of 
different span it should have been possiblo to oalcuiate the end effects. 
Unfertunately She random errors introduced by stream irregularirios masked the 
interferonco under investigation.    Altheufh tiioso errors vrore large tto results 
suggested that the interference at that spoed was snail.    This is cf course, 
not necessarily so at the lower Mach nu ibeT3. 

The/ 
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Tho t tal interference effects would appear to bo an increase of lift 
and a DOVOOHlt   if*    f tho contro of prossuro as the oritical Mhoh nuribor is 
approached,    Tho dro.3 effect is noro difficult t; predict but at lev incidences 
on tho 6 por cent double; Trodgo rn inoror.su in drag j-.iight bo expected reaching 
a irjcinun as tiio reflected vravos n?vo up to tho half chord lino.    At higher 
incidences i   decrease in drag i3 possiblo but en tho vrtiolo tho dreg orr-rs should 
ba srr.ll. 

Strean irroij-ularitios giving rise to buoyancy forces have boon discussed 
earlier in the text. 

Appendix III 

A SSEBüäfiSB '•'*' Throe F-'M.is cf Control 

1«    Tho rrovin;j tailplrno 

2. The trailing edge hinged flap 

3. The loading odgo hinged flap. 

In tho follcralnc aii.iplc analysis ca.ipariacn is naclo an a basis of 
tho drag of tho tailplano unit,  to Jpro&UOO a given lift.     In occh case tho basic 
tailplano section has boon takon to bo c synotrioal doublo \rt3d;ro of oorii-nnglo   ß. 

Buscmim's approximtian ,'ivcs 

1.   All moving tailplano   ('£   =0.   a varying) 

V 
2°1 ' \ 

2 O!  ß2 + 

2. Trailing od&o elevator flap (flap chord   E)    (a • 0,     tf    varying) 

2     CL     (01 - 3i«2) 
C^      =   2 c,  ßZ + —    -1 -1-      . 

2 2E      (01 - 2ßc,)2 

3. Loading odgo olovator flap (a = 0,  ^ varying) 

.2 -L2 =1 • 3ro2 
Or,   a  2 CI ,.  +    K . 

3 2E  (a, + 2: ;o2r 

In each case a skin i'rxctim drag coefficient should bo added l,ut 
tho oxporinont suggests that it is sufficiently constant in tho throe oases 
tr> bo neglected in tho ocqparison. 

"   ,<•   :   J.: 
Tho condition that   O^    is   Teator thfji   Cj,      at a given   Cj,   now 

1 c.| - 3Ho2 

E (c1  - 2,c2) 
2' 

(Always with tho pr vise that    ß,    and   CL   (a3 a func ,i n of    tf) lie vithin 
the llj.iits irmosod by c tnic velocity being reached). 

J 
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The oomplete solution of tUoae sii.iultaneous inocualitioc oould bo 
mada by graphical moc<ns.    In viov.' of tho labour involved it was thought preferable 
in this ease to evaluate tho oonditions for the auctions to3tod   (S a 0.3) > giving 

°1 -i-   >   3.12. 
,o2 

"Jithin the theoretical limits this iß alv/ays true. Thoroforo ouch a moving 
tail|>lune iu superior from the considerations of drag, at all Mach numbers to 
vhich the theory applies. 

In Figuru 1ft(b)  the experimental curves are oomparod with the theorotioal 
curves of   CJJ»    CT    at   M e 1.38.    Thuro are shcr.vn also the theoretical curves 
for a tailplano elevator combination ;.t    a = C,    (vith     ><    varying)  for both 
a loading and trailing ud^^ flap.    (Figure 18(a)).    The superiority of the moving 
tailpipe iu demonstrated   (of ourvos   Bf A and H).    Curvoa   C   and   E   jan 
also be regarded aa c. particular case of a oamberod tailplano. 

An. interesting point to note, is that although | -_---)      is les3 for note, is that although |---•• I 
\ 3 11 v     v a 

edge olovr.tor than the leading ^dgo, the trailing edge olovator 
. higher    CT    within the sonic limits.    This is due to the faot that 

the trail in, 
oan prcduoe v. u*.^»»^    «T 
the expansion round the mid-chord angle raiao3  the velocity over the rear half 
of tho aerofoil ".lloi.'ing a bigger maximum aoinprossivo deviat ion (actually   2ß 
larger).    The sketches of Figure 17 dem- natrata this.    In each socti-n   f the 
pressure field,    P     gives the equivalent angular expansion from unit Mach 
number and hence the maximum permissible oornpreasive deviation in that section. 

A practical comparison must take Into acoount the movement of the 
centre of pressure with lift and the change in the moment of tho drag about 
the centre of gravity of the machine.    This c. uld be dene for a general -..ing- 
t-.ilplano combination, but the absence of Q body,  tho unpredictable pcrfcrainneo 
of a tailplano olovator of finite span, and the uncertainty of Boalo effects 
n Jeo such a oaloulation so far fron the practical oaso that it eon be of little 
interest. 

Th~ deciding faotor must remain thu effectiveness of control at those 
Iloob numbers near   li «= 1    vrtioru no theory applies. 

MH 
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